has been defining the Long Term Evolution (LTE) for 3G radio access. LTE has several areas of focus. These areas include enhancement of the Universal Terrestrial Radio Access (UTRA), as well as optimization of the network architecture with HSDPA (downlink) and HSUPA (uplink). LTE project aims to ensure the continued competitiveness of the 3GPP technologies for the future LTE focuses on download rates of 100 Mbit/s, upload rates of 50 Mbit/s per 20 MHz of bandwidth, increased spectrum efficiency and sub-5ms latency for small IP packets.
I. INTRODUCTION
ECONFIGURABLE radio systems are radios that can change to different communication protocols as they move between different radio environments. An example B. Beheshti is with New York Institute of Technology, Old Westbury, NY 11568 USA (516-686-7437; e-mail: bbehesht@ nyit.edu).
would be moving from a wireless LAN 802.11b to 802.11a and then to EV-DO (Evolution Data -Optimized).
Researching the development of a Reconfigurable Radio Architecture that will concurrently support multiple radio protocols over multiple frequency bands across multiple wireless networking environments is an active area of R&D in the industry. The Reconfigurable radio realizes the convergence of computing and communications by allowing a flexible communications for any handheld computing device. As more digital processing is applied to the radio system, the promise of software based digital baseband processors controlling a reconfigurable RF front end approaches reality.
Software Defined Radios (SDRs) have the potential of changing the fundamental usage model of wireless communications devices. These transceivers are often conceptually divided into two major sections: the Baseband Processing Section and the RF Front End. This division is simply a matter of convenience as the technological states of the two sections are at different stages. The baseband section which is responsible for all symbol level and bit level computations is typically implemented as reconfigurable hardware architecture or a digital signal processor (DSP).
"The SDR Forum defines five tiers of solutions. Tier-0 is a traditional radio implementation in hardware. Tier-1, Software Controlled Radio (SCR), implements the control features for multiple hardware elements in software. Tier-2, Software Defined Radio (SDR), implements modulation and baseband processing in software but allows for multiple frequency fixed function RF hardware. Tier-3, Ideal Software Radio (ISR), extends programmability through the RF with analog conversion at the antenna. Tier-4, Ultimate Software Radio (USR), provides for fast (millisecond) transitions between communications protocols in addition to digital processing capability."
II. THE TARGET BASEBAND PROCESSOR
The SB3500 is the second generation of SandBlaster-based Of notable improvements in this generation of the Sandblaster™ core one should cite a flexible 16-wide vector processing unit that could execute all the identified algorithms at the desired performances. The key kernels used to drive the design of this SIMD (Single Instruction Multiple Data) unit were derived from the various 3.5G and 4G standards/proposals and includes FIR, Pilot search, Descrambling, Despreading, Derotation, Complex Correlation, complex FFT (256 -8192 points), Viterbi (constraint length 7 & 9), Turbo, and LDPC.
Each core delivers a peak of 9.6Gmacs/s once operated at 600MHz. The SB3500 therefore is capable of triple this amount or 28.8Gmacs/sec. The element-wise operations supported in this SIMD unit include common operations such as logical, shift and arithmetic operations that read 2 registers, which perform 16 short or 8 integer operations in parallel, and write the results back to a third register. An example would be the element-wise add integer operation, radd32
for(i=0; i<8; i++)
Complex multiplies treat the register file contents as though they were alternating short real and imaginary values, so that a register contains 8 short complex numbers. A complex multiply uses 4 short (16 bit) multipliers, so implementing 8 complex multiplies in parallel would have required 32 multipliers. Instead, the SBX core's complex multiply operations multiply either the upper or lower halves of 32 bit registers together, writing the complex product to the upper or lower half of the result register.
One group of operations is used to implement fast-fourier transforms (FFTs). These operations do 4 complex multiplies a cycle, producing 8 complex elements of the result. Consequently, the SBX provides exceptional performance for FFT operations as an inherent architectural feature. Galois field arithmetic support is provided by operations that do polynomial multiply, multiply-reduce and multiplyand-add and compute polynomial-modulus. Viterbi decoding adds operations that perform 16 Viterbi butterflies in parallel, reading 3 registers (2 for the state and 1 for weight) and writing the resulting state into 2 registers. Turbo decoding is supported by operations that compute the forward, backward and likelihood values. The turbo-decode operations assume that the constraint length of the convolutional coders is 3.
Furthermore the SBX core is composed of 4 concurrent hardware thread processing units with independent clocking and context registers. Together with a native operating system that provides a Posix pthreads API for software thread creation to run on these hardware threads, significant parallization of algorithms and tasks can be exploited. The SB3500 offers a pool of 12 hardware threads through its three SBX cores.
III. OVERVIEW OF LTE
The LTE physical layer is defined such that it allows the LTE work on many spectrum allocations. LTE can operate in 1.4, 1.6, 3, 3.2, 5, 10, 15 and 20 MHz bandwidths.
The downlink physical layer is OFDM / OFDMA based. QPSK, 16QAM and 64QAM modulation schemes supported. Orthogonal Frequency-Division Multiplexing (OFDM) is a multi-carrier modulation scheme that utilizes a number of closely-spaced orthogonal sub-carriers as the channel for transmission of information. These sub-carriers may indeed overlap in frequency. However they are selected such that there is no interference among them. FFT (Fast Fourier Transform) is used on the transmit side to break up the time sequence into frequency content for the sub-carriers. On the receiver side, IFFT (Inverse FFT) is used to recombine the sub-carriers back to the single time sequence. After the FFT on the transmitter side, each sub-carrier is modulated with a conventional modulation scheme (QPSK, 16QAM and 64QAM modulation schemes) at a low symbol rate. The low symbol rate along with the large number of sub-carriers allows for data rates similar to conventional single-carrier modulation schemes in the same bandwidth. The main advantage of OFDM over single-carrier schemes is its ability to cope with severe channel conditions. Channel equalization on the receiver side is significantly reduced in complexity as an OFDM signal is simply a collection slowly-modulated narrowband signals. Another advantage of OFDM is that its relatively low symbol rate allows for placement guard intervals between symbols. This in turn reduces the effects of "smearing of one symbol onto its immediate neighbors, also called intersymbol interference (ISI). The key to unique performance of OFDM is in the "orthagonality" of the subcarriers to one another (hence the "O" in OFDM). Orthogonality is the property of the sub-carriers such that there is no inter carrier interference (ICI) among them. The orthogonality also allows high spectral efficiency, approaching the near the Nyquist rate. A major disadvantage of OFDM is that any slight offset between the transmitter and receiver frequencies severely affects the ability of the receiver in extracting the information from the receives signal. This is because with frequency deviation, the sub-carriers can no longer be orthogonal. Therefore OFDM requires very accurate frequency synchronization between the receiver and the transmitter. In the LTE standard, the number of subcarriers scales with bandwidth from 76 to 1201. The downlink scheduling is frequency selective, thereby providing OFDMA. Orthogonal Frequency-Division Multiple Access (OFDMA) is a multi-user version of the OFDM. OFDM achieves multiple in OFDMA by assigning subsets of subcarriers to individual users. This allows simultaneous low data rate transmission from several users. Based on feedback information about the channel conditions, adaptive user-to-subcarrier assignment can be made. This dynamic sub-carrier assignment improves the OFDM resilience to fast fading and narrow-band cochannel interference, and makes it possible to achieve even better system spectral efficiency.
Notably, LTE utilizes adaptive modulation and coding (up to 64-QAM). This allows for dynamic adaptation of the modulation scheme to the SNR and other channel conditions. The basic radio frame for FDD and TDD has a duration of 10ms and is made up of 20 slots. Each slot has a duration of 0.5ms. Furthermore, two adjacent slots form one sub-frame of length 1ms. A resource block spans either 12 sub-carriers with a sub-carrier bandwidth of 15 kHz or 24 sub-carriers with a sub-carrier bandwidth of 7.5 kHz each over a slot duration of 0.5ms. As shown in, LTE frames are 10 msec in duration. They are divided into 10 subframes, each subframe being 1.0 msec long. Each subframe is further divided into two slots, each of 0.5 msec duration. Slots consist of either 6 or 7 ODFM symbols, depending on whether the normal or extended cyclic prefix is employed.
An additional framing is defined for TDD owing backward compatibility with TD SCDMA. The channel coding scheme for transport blocks in LTE is Turbo Coding with a coding rate of 1/3, two 8-state constituent encoders and a turbo code internal interleaver. Before the turbo coding, transport blocks are segmented into byte aligned segments with a maximum information block size of 6144 bits. Error detection is supported by the use of 24 bit CRC.
Based on the above processing chain blocks on the transmitter side of the downlink, the following blocks on the terminal receive side are required: FIR, FFT, Channel estimation, Channel derotation, MIMO decoding, Turbo decoder and miscellaneous blocks (i.e. descrambling, measurements, ranging, CRC calculation, rate matching, mapping and QAM demapping).
IV. IMPLEMENTATION AND PERFORMANCE
As mentioned above, the LTE PHY specification is designed to accommodate bandwidths from 1.25 MHz to 20 MHz. In this paper we focus on the 5MHz case. In particular the following parameters are fixed for our performance analysis: 3. Channel Estimation -Channel estimation is done for each reference symbol, and then interpolated for each subcarrier per slot (7 OFDM symbols). In a 2x2 MIMO system The estimation has to be done for 2 channels for each reference symbol, the interpolation for 4 channels => 25MHz
4. Channel Derotation -10MHz
5. MIMO Decoding -40MHz
6. Turbo Decoding -500MHz
Miscellaneous Blocks -200MHz
This yields the total MHz usage for the DL physical layer approximately 832MHz. Given that the SB3500 offers a total of 1800MHz processing power, this implementation of LTE would utilize 46% of the processor.
V. CONCLUSION
Even though this paper focused on the 12Mbps implementation of the LTE on the downlink, first order approximation of the major blocks discussed above scaled up for higher data rates provide an accurate estimation of the processor capacity required. The important conclusion derived however, is that in the context of an SDR implementation, various bit rates of the LTE baseband processing can indeed be implemented entirely in software without the usage of any hardware accelerators. This important conclusion provides for a feasible solution for a multi-mode SDR supporting current wireless and cellular 2G and 3G standards, as well as emerging 4G standards. Babak is a senior member of the IEEE and has numerous conference presentations and publications..
